The etiology of vasospasm after brain tumor resection remains unclear. This is the first report of diffuse cerebral vasospasm following resection of a schwannoma located in the left portion/part of the ventral medulla oblongata. Case presentation: A 16-year-old boy presented with dizziness and projectile vomiting without apparent cause three months before admission. Magnetic resonance imaging revealed a space-occupying lesion in the left portion of the ventral medulla oblongata. The tumor was completely resected. Pathological examination was consistent with diagnosis of schwannoma. Three days after surgery, the patient was in an unconscious state. Magnetic resonance angiography revealed the occurrence of cerebral vasospasm, with ischemic infarction and segmental cerebrovascular stenosis. Seven days after surgery, dehydration therapy was carried out and decompressive craniectomy was performed in the frontal and temporal areas. Despite treatments, the patient was in a persistent vegetative state after surgery, with normal vital signs.
Introduction
Cerebral vasospasm is a complication usually seen after intracranial aneurysm rupture or traumatic brain injury. This condition may easily be confused with cerebral edema or surgical injury, leading to misdiagnosis and inappropriate treatments. 1 A symptomatic vasospasm following brain tumor surgery is rare, and even rarer in children and adolescents. 2, 3 This is a case study of a patient with diffuse cerebral vasospasm following resection of schwannoma.
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Computed tomography (CT) revealed an intracranial space-occupying lesion. Magnetic resonance imaging (MRI) confirmed the lesion (size: 2.5×2.0×2.0 cm) in the left part of the ventral medulla oblongata ( Figure 1A ). The lesion was significantly enhanced after contrast injection. The medulla oblongata was extruded, with peritumoral edema. The patient was a full-term delivery and had no family history of hypertension and coronary heart disease.
Tumor resection was performed in the right lateral position. Surgical time was 6 hours including 2.5 hours for tumor removal. The left vertebral artery and posterior cranial nerve were located on the surface of the tumor. The tumor was completely removed by resection under a microscope. After resection, the left vertebral artery and posterior cranial nerve remained intact. Total intraoperative bleeding was 300 mL. Blood loss due to the tumor resection per se was about 50 mL. The surrounding tissues were shielded using gauze and all blood leaking was suctioned, leaving almost no blood in the arachnoid space. Pathological examination was consistent with diagnosis of schwannoma. Indeed, hematoxylin and eosin staining (Figure 2 ) identified the classic Antoni A and Antoni B regions. In the Antoni A region, cells were closely arranged with a palisade-like structure. In the Antoni B region, the cells were arranged loosely. Immunohistochemical analysis was then performed, which revealed that the tumor was S100 positive, EMA negative, and GFAP negative, which was consistent with the schwannoma. 4 At day 1 after surgery, the pupils were equally sensitive to light. Wound dressing was clean and dry. The patient presented airway obstruction, and tracheal intubation was performed to secure airway patency. The airway obstruction did not improve even two days after surgery. Hence, dehydration therapy and tracheotomy were performed in the supine position. Three days after surgery, the patient was in a hazy consciousness state. CT showed an ischemic infarction at the bilateral internal carotid arteries and posterior cerebral artery ( Figure 1C ), which was not present on day 1 ( Figure 1B ). Magnetic resonance angiography (MRA) showed stenosis at the carotid siphon and distal basilar artery, which was segmental ( Figure 1D ). Hyperdynamic hemodilutional therapy and nimodipine were started. Four days after surgery, the patient was in coma state. His body temperature was 39°C, and hence physical cooling was performed. Penicillin was replaced with vancomycin and ceftazidime. The patient received 50 mL of nimodipine q 12 h, hydroxyethyl starch 130/0.4, and 4.5 g of sodium chloride (500 mL/day), and the amount of fluid was increased to 3,000-3,500 mL/day. Five days after surgery, the level of consciousness of the patient was not improved.
There was no clear liquid exudate at the incision. The dressing was clean and dry. Six days after surgery, the patient was unconscious. CT revealed that the infarction was located in the frontal, parietal, occipital, and temporal lobes ( Figure  1E ). Seven days after surgery, the level of consciousness was not improved. The infarction size increased. Dehydration therapy was carried out, without success. Decompressive craniectomy was successfully performed in the frontal and temporal parts ( Figure 1F ). Head dressing was clean and dry. The bone window was correctly replaced, the trachea incision was unobstructed, and the patient had small amounts of sputum. However, the patient was in a persistent vegetative state, with normal vital signs.
The Karnofsky performance status score before surgery was 90. It was 30 on day 1 after surgery; 20 on day 2 after surgery; 10 on day 7 after surgery; and 40 on the last follow-up (ie, five years after surgery).
Discussion
The most common predisposing factor involved in vasospasm occurrence after intracranial tumor resection is subarachnoid hemorrhage (SAH). 5 Blood accumulation in the basal cisterns is recognized as an essential factor to initiate the vasospasm. 5, 6 The trigeminal system regulates blood flow and metabolism of the brain, and it seems to be an important element involved in cerebral vasospasm. Stimulation of trigeminal nerve endings induces vasodilation and upregulation in cerebral blood flow. 7 Direct mechanical trauma, vasoactive substances, tumor location, and tumor compression are considered to be the likely causes of vasospasm. 8 In the present case, the tumor was completely resected without active bleeding, in contrast to what is sometimes seen in vasospasms after tumor resection. 5, 6 In addition, the cerebral vasospasm occurred three days after surgery, which is not consistent with the occurrence of SAH-associated vasospasm. On the other hand, direct mechanical trauma to the arterial wall (especially microvessels) during tumor resection was inevitable and could induce local arteries vasoconstriction, which would result in an intrinsic myogenic response, upregulated norepinephrine levels, or increased cerebrovascular reactivity to norepinephrine and serotonin. 3 Contractility and elasticity of arterioles are better in young people, which might make them more sensitive to direct mechanical trauma. Indeed, older patients (68 years of age) with aneurysmal SAH have a lower incidence of symptomatic vasospasm. 9 The occurrence of vasospasm in the present case might be secondary to the age-related response to mechanical stimulation or vasoactive substances. 
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Diffuse cerebral vasospasm after schwannoma resection As far as we know, this is the first report of cerebral vasospasm after the resection of a schwannoma located in the ventral medulla, which is rare. Studies suggest that tumor location might contribute to the development of vasospasm, 1, 8, [10] [11] [12] especially if the tumor is in the vicinity of the trigeminal nerve, A2 nucleus, and/or median eminence. A review suggests that pituitary tumors are most likely to induce the cerebral vasospasm. 3 Indeed, MRI revealed that the lesion was in the left part of the ventral medulla oblongata, completely compressing the medulla oblongata, with edema. It is likely that tumor removal stimulated the A2 nucleus or the release of vasoactive substances from the tumor bed, affecting the postganglionic trigeminal system, A2 nucleus, and the median eminence. Aggressive treatment methods were used in the present case, preventing death, but not important morbidity. Therefore, the appropriateness of these treatments might be questionable, and prophylactic treatments might be more appropriate. However, there is no study about the use of vasodilator and cerebral perfusion after surgery of brainstem tumors. In the present study, the successful use of vasodilator, cerebral perfusion, and surgery were limited after the onset of cerebral vasospasm.
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